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Abstract: This study was carried out at DSI-Gölköy Fish Production Station in Bolu and lasted for 350 days. Food consumption (FC)
and feed conversion ratios (FCR) in Abant and rainbow trout in pond culture were compared.
Abant trout larvae obtained from eggs of wild Abant trout broodstocks in Lake Abant and rainbow trout larvae obtained from eggs
of the cultured broodstocks in Gölköy Fish Production Station were used in this study.
Trial I involved 4 groups (2 Abant and rainbow trout experimental groups and 2 Abant and rainbow trout parallel groups). Two
hundred and thirty-six larvae were in each group; a total of 944 Abant and rainbow trout larvae were used. Trial II involved 4 groups
(2 Abant and rainbow trout experimental groups and 2 Abant and rainbow
trout parallel groups). Two hundred and ten larvae were in each group; a total of 840 Abant and rainbow trout larvae were used.
In both trials, a total of 1784 larvae were used.
After the first feeding, at the end of day 350, although the mean wet weight of Abant trout was found to be around 5 g, the
maximum increase in weight was found in rainbow trout. The final mean wet weight of rainbow trout was between 116.33 and
173.42 g in trials I and II.
Abant and rainbow trout were fed ad libitum until they weighed 5 g. FC and FCR in Abant trout were not calculated because at the
end of the study, the mean live weight of Abant trout was not over 5 g. FCR values increased with water temperature and the best
FCR value (1.12) was calculated in the rainbow trout parallel group, in trial II in August. There was a significant difference in FCR
in the rainbow trout groups in trials I and II (P<0.05).
In conclusion, the desired level of growth performance of Abant trout was not obtained in pond culture. The growth. food
consumption and feed conversion ratios of rainbow trout were clearly better than those of Abant trout.
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Havuz Yetifltirme Koflullar›nda Abant Alabal›¤› (Salmo trutta abanticus T., 1954)
ile Gökkufla¤› Alabal›¤› (Oncorhynchus mykiss W., 1792) ‘n›n Yem Tüketimi ve Yem
De¤erlendirme Oranlar›
Özet: Bu çal›flma, Bolu ilinde DS‹-Gölköy Bal›k Üretme ‹stasyonunda gerçeklefltirilmifltir ve 350 gün devam etmifltir. Bu çal›flmada,
havuz yetifltirme koflullar›nda Abant ve gökkufla¤› alabal›¤›n›n yem tüketimi ve yemden yararlanma oranlar› karfl›laflt›r›lm›flt›r.
Çal›flmada, Abant Gölü’nden yakalanan yaban Abant alabal›¤› anaçlar›ndan sa¤lanan yumurtalardan ç›kan Abant alabal›¤› larvalar› ile
Gölköy Bal›k Üretme ‹stasyonunda kültür yoluyla yetifltirilen gökkufla¤› alabal›¤› anaçlar›ndan elde edilen yumurtalardan ç›kan
gökkufla¤› alabal›¤› larvalar› kullan›lm›flt›r.
I. deneme 4 grup (2 adet Abant ve gökkufla¤› alabal›¤› deneme, 2 adet Abant ve gökkufla¤› alabal›¤› paralel grubu) olarak
düzenlenmifltir. Her grupta 236 adet larva olmak üzere 944 adet Abant ve gökkufla¤› alabal›¤› larvalar› kullan›lm›flt›r. II. deneme 4
grup (2 adet Abant ve gökkufla¤› alabal›¤› deneme, 2 adet Abant ve gökkufla¤› alabal›¤› paralel grubu) olarak düzenlenmifltir. Her
grupta 210 adet larva olmak üzere 840 adet Abant ve gökkufla¤› alabal›¤› larvalar› kullan›lm›flt›r. Her 2 denemede toplam 1784 adet
larva kullan›lm›flt›r.
‹lk beslemeden 350 gün sonra, I. ve II. deneme gruplar›nda Abant alabal›klar› ortalama canl› a¤›rl›klar› 5 g da kalmas›na karfl›n.
gökkufla¤› alabal›¤› ortalama canl› a¤›rl›klar› 116,33-173,42 g aras›nda tespit edilmifltir. Abant ve gökkufla¤› alabal›klar› ortalama
canl› a¤›rl›klar› 5 g oluncaya kadar ad libitum beslenmifl, deneme sonunda Abant alabal›klar› ortalama canl› a¤›rl›klar› 5 g olmas›
* A part of a doctorate thesis.
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nedeniyle yem tüketimi ve yem de¤erlendirme oranlar› (YDO) tespit edilememifltir. YDO’n›n su s›cakl›¤› ile artt›¤› gözlenmifl ve en iyi
YDO 1,12 ile A¤ustos ay›nda II. deneme gökkufla¤› alabal›¤› paralel grubunda tespit edilmifltir. Her iki denemede gökkufla¤› alabal›¤›
gruplar› aras›nda yem de¤erlendirme oranlar› bak›m›ndan farkl›l›¤›n önemli oldu¤u görülmüfltür (P<0,05).
Sonuç olarak; havuz yetifltirme koflullar›nda Abant alabal›¤› büyüme performans›n›n istenilen seviyede olmad›¤› gözlenmifl, büyüme,
yem tüketimi ve yem de¤erlendirme aç›s›ndan gökkufla¤› alabal›¤›n›n Abant alabal›¤›na göre belirgin bir avantaj sa¤lad›¤›
görülmüfltür.
Anahtar Sözcükler: Abant alabal›¤›, Salmo trutta abanticus, Gökkufla¤› alabal›¤›, Oncorhynchus mykiss, Yem Tüketimi, Yem
De¤erlendirme Oran›

Introduction

them for sport fishing and for restocking.

Species of the Salmonidae family are an important
international resource, providing food and restocking,
and are valuable in commercial and recreational fisheries.
Rainbow trout are the most widely cultured species in the
world. They tolerate water temperatures from 0 to 27ºC,
and have been transferred around the world as a highly
popular fish for both sporting and commercial use. They
are now found on every continent except Antarctica.
Rainbow trout were introduced successfully into Europe
in 1882 (1), and into Turkey in 1969, at the ZonguldakSeven Lakes National Parks (2). Abant trout is native to
Lake Abant Turkey and the nearest rivers and creeks and
is known to be endemic to Lake Abant (3), rearing in
natural conditions as well. Abant trout feed only on the
natural food they capture. Moreover, it is very popular
for sport fishing. The rearing period of Abant trout is
longer than that of rainbow trout because they do not
accept commercial pellet food and require special
environmental conditions involving water temperature,
water quality, clean water and dissolved oxygen.
Although rainbow trout reach a weight of over 200 g in
12-18 months (4), it takes Abant trout around 3 years.
Because of this, commercial fish farms are not interested
in the culture of Abant trout. It is, however, important
for restocking and as a biological gene source for Turkey.
Nowadays, Abant trout populations are badly affected by
natural phenomena (e.g., droughts and climate change)
or human activities (e.g., overfishing, tourism, pollution
and industry). Such models are essential tools for the
conservation and management of population of Abant
trout such as culture of it in ponds.

In this experiment, the main goal was to compare
food consumption and feed conversion ratios in Abant
and rainbow trout in pond culture.

The total production of rainbow trout was 32340
tonnes in 1998 in Turkey and trout of 2290 tonnes were
caught (5). However, the production of Abant trout is not
known. The culture of Abant trout is only carried out by
the Ministry of Forestry at the Fish Production Station in
Bolu, Turkey. After the eggs hatch, the larvae are
released into Lake Gölcük, Abant and the rivers nearest to
84

Materials and Methods
This study was carried out in Bolu-DSI Fish
Production Station and lasted for 350 days. The
experiment was carried out in hatchery troughs (200 x
40 x 30 cm) and growing tanks (100 l). manufactured
from fibreglass.
Abant trout larvae obtained from eggs of wild Abant
trout broodstocks in Lake Abant and rainbow trout larvae
obtained from eggs of the cultured broodstocks at the
Fish Production Station were used.
Mean live weights of Abant trout larvae in the
experimental and parallel groups in trials I and II were
0.085±0.00,
0.084±0.00,
0.100±0.00
and
0.115±0.00, of rainbow trout larvae were 0.105±0.00,
0.093±0.00, 0.128±0.00 and 0.134±0.00 respectively.
Total water volumes of the hatchery troughs and growing
tanks were 30 l/min and 25 l/min, respectively. Water
temperature and pH values were measured twice a day
and dissolved oxygen was measured monthly. During the
experiment, larvae were fed a commercial extruded
pelleted diet, containing about 56% crude protein and
8% crude lipid. For large fish, an extruded granule diet,
containing about 47% crude protein and 8% crude lipid
was used. Juveniles were fed ad libitum by hand, until
they weighed 5 g. Large fish were fed twice a day by
hand. Before measurement, all fish were fasted for about
a day. Each sample of 30 Abant and rainbow trout was
randomly selected from the tank. Live weight and total
length of the fish were measured individually at the
beginning of the experiment and the Halver feeding chart
(6) was used to determine food consumption and feed
conversion ratios monthly. The fish were not fed at over
18ºC.
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Feed Conversion Ratios (FCR) were calculated as
follows:
FCR=F/((Wi+m)-Wf), where Wi: initial live weight of
fish (g), Wf: final live weight of fish (g), F: dry weight of
feed supplied by the group of fish at each feeding (g), and
m: weight of dead fish (g) (4).
A total of 8 experimental groups in Abant and
rainbow trout (4 experimental and 4 parallel groups in
trials I and II) were set up. In both trials, a total of 1784
Abant and rainbow trout larvae were used.

Results
Daily temperatures ranged from 6.5 to 21ºC, and
monthly mean temperature varied between 7.72±0.36
and 16.22±2.59ºC (Table 1). The maximum temperature
was 21ºC, in July, and the minimum was 6.5ºC, in
December.
Dissolved oxygen (DO) concentration varied with
season; minimum DO was 8.70 mg/l and maximum water
temperature was calculated in July, and maximum DO
was 10.70 mg/l and minimum water temperature was
calculated in December.
A feeding chart was used to determine survival rate
and total fish biomass. Juveniles were fed ad libitum until
they weighed 5 g. During the experiment, the growth
performance in rainbow trout was higher than that of
Abant trout. Therefore, the feeding chart was used for
rainbow trout on 1st July, and not for Abant trout.

Table 1.

MONTHS

February
March
April
May
June
July
August
September
October
November
December
January 01

Mean, total, maximum and minimum temperature range
for months.
Mean±Sd
ºC

Total
ºC

Max.
ºC

Min.
ºC

11.60±0.45
10.80±0.24
12.38±0.38
12.08±0.18
11.96±0.41
16.22±2.59
13.67±1.05
13.50±0.00
12.83±0.37
11.70±0.24
8.33±2.00
7.72±0.36

167.5
335.0
371.5
374.5
359.0
503.0
424.0
405.0
398.0
351.0
258.5
239.5

12.5
11.0
13.0
12.5
13.0
21.0
19.0
13.5
13.0
12.0
12.0
8.0

11.0
10.5
12.0
12.0
11.0
11.5
13.0
13.5
12.0
11.5
6.5
7.0

Before measuring the total length and live weight the
fish, we fasted them for about a day. First, the giving
feed rate for rainbow trout was 3.9 % of total biomass.
This value ranged from 2.5 to 2.6%. The minimum
giving feeding rate was 0.7% in January. According to
the feeding chart, for a given fish size, the amount of
feed increases with water temperature, and for a given
water temperature, the amount decreases with increasing
fish size. In our experiment, 28750 kg food for the
experimental group in trial I, 22163 kg food for the
parallel group in trial I, 22163 kg food for the
experimental group in trial II and 18563 kg food for the
parallel group in trial II was given for rainbow trout
(Table 2). A total biomass of 15334 kg was calculated
and FCR was 1.58±0.54 for the experimental group in
trial I, a total biomass of 15626 kg and FCR was
1.73±0.61 for the parallel group in trial I, a total biomass
of 10318 kg and FCR was 1.86±0.54 for the
experimental group in trial II and a total biomass of
14591 kg and FCR was 1.39±0.31 for the parallel group
in trial II was given for rainbow trout. The best FCR
1.39±0.31 was found for the parallel group in trial II.
The highest FCR, 1.86±0.54, was found for the
experimental group in trial II. The best FCR, 1.39, was
found in August. In contrast, the highest FCR, 2.68. was
found in December. Between trials I and II, there was a
significant difference in FCR in the rainbow trout groups
(P<0.05).
At the end of the present study, the mean live weight
of rainbow trout varied between 116.33 and 173.42 g,
and that of Abant varied between 4.530 and 5.250 g,
The growth performance of rainbow trout was higher
than that of Abant trout. There was a significant
difference in mean live weight in Abant and rainbow trout
(P<0.001).

Discussion
Water temperature is a key factor controlling rate of
growth, i.e., it affects the metabolic rate and growth of
fish. High water temperature increases energy
requirements. In contrast, low water temperature
decreases the metabolic rate and food consumption. Each
species has a water temperature range for optimum
growing (7). The tolerance temperature for rainbow
trout ranges from 1 to 24ºC and the optimal temperature
is 10-15ºC for best growth. The tolerance temperature
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Table 2.

Results in Trials I and II.
Trial I

Number of initial larvae
Initial density (spec./l)

Trial II

RAINBOW

RAINBOW

ABANT

ABANT

RAINBOW

RAINBOW

ABANT

ABANT

Experimental

Parallel

Experimental

Parallel

Experimental

Parallel

Experimental

Parallel

236

236

236

236

210

210

210

210

13.11

13.11

13.11

13.11

10.11

10.11

10.11

10.11

Initial mean live weight (g)

0.05±0.00

0.093±0.00

0.081±0.00

0.088±0.00

0.128±0.00

0.134±0.00

0.100±0.00

0.111±0.00

Initial mean tot. length(cm)

2.48±0.09

2.20±0.02

2.05±0.01

2.07±0.01

2.27±0.04

2.30±0.03

2.14±0.02

2.17±0.02

350

350

350

350

350

350

350

350

Experiment period (day)
Final density (spec./l)

1.07

1.03

0.49

0.46

1.14

1.14

0.58

0.46

Final mean live weight (g)

173.42±8.49

133.96±9.24

4.530±0.32

5.250±0.34

116.33±6.25

160.33±9.86

4.950±0.44

4.610±0.31

Final mean tot. length(cm)

23.90±0.36

22.30±0.45

7.89±0.19

8.23±0.18

21.49±0.30

23.66±0.38

7.99±0.19

7.74±0.14

Total Food consump. (kg)

28.750

22.163

0

0

22.163

18.563

0

0

1.58±0.54

1.73±0.61

0

0

1.86±0.54

1.39±0.31

0

0

15.334

15.626

0.335

0.362

10.318

14.591

0.435

0.322

Feed Conversion Ratios
Total biomass (kg)

for brown trout ranges from 0.5 to 25.5ºC and the
optimal temperatures is 9-15ºC (8-9). Edward (10)
stated that for most other salmonids slightly lower
temperatures are preferable. The upper lethal limit is
around 24-27ºC, but at temperatures above about 20ºC
appetite and growth are reduced, leading to attack by
disease organisms. The lower lethal limit is around
–0.5ºC but little growth can be expected below 5ºC.
Although annual growth is related to water temperature,
growth is faster with water temperature increasing than
decreasing at 3.5-15ºC (11). In our experiment, water
temperatures were 6.5-21ºC. Monthly mean water
temperature was suitable for growth of rainbow and
Abant trout. But the high temperature calculated in July
and August retarded the growth of Abant trout.
Stevenson (12) stated that at temperatures above 1820ºC the proteins constituting the enzymes begin to
become inactivated, thus inhibiting the metabolism of the
fish. In our experiment, the fact that at temperatures
above 18ºC feeding stopped depends not only on the
appetite of healthy Abant and rainbow trout but on water
temperature for 13 days in July and August as well.
Therefore, food consumption and feed conversion ratios
were affected negatively. Goryczko (13) stated that fish
feeding is one of the crucial elements of salmonid
farming. Costs of feeds usually exceed 50% of all costs
incurred for the production of market fish. The amount
of feed consumed by the fish depends especially on
temperature, size of the fish and food quality. As the
86

temperature increases to the optimal level (16-18ºC), the
fish metabolism accelerates and food demands increase.
During the present study, according to the feeding chart,
a for given fish size, the amount of feed increased with
water temperature and given water temperature, the
amount of feed decreased with increasing fish size.
Çelikkale (14) stated that at temperatures approaching
20ºC feeding should be carried out with care, keeping an
eye on the oxygen levels and water flow. Above 21ºC or
22ºC feeding should stop. The appetite of healthy trout
therefore depends not only on their size, but on water
temperature as well. In the present study, before
measurement of live weight and total length of fish, they
were fasted for about a day. After handling, Abant trout
did not accept food for 3 days because of handling stress.
Rainbow trout did not feed at temperature above 18ºC
for 13 days in July and August. Rainbow trout reached 5
g in June (135 days after the beginning of the
experiment), and then the feeding rate was adjusted
accordingly in fish weight and water temperature.
Stevenson (12) stated that some farmers claim an FCR of
about 1.15 for trout in tanks under optimal conditions,
but a figure of 1.2-1.4 for growers is generally regarded
as satisfactory. The best FCR, 1.39±0.31, was found for
the parallel group in trial II. The highest FCR, 1.86±0.54,
was found for the experimental group in trial II. The best
FCR, 1.39, was found in August. In contrast, the highest
FCR, 2.68, was found in December. The values of FCR
for rainbow trout in the present study are similar to 1.81
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(1.01-2.58) (4), 1.24-2.31 (15) in sea water, 1.10-1.46
(16), 1.89-2.14 (17), 1.53 (18), 1.42-1.60 (19), 1.45
(1.02-1.57) (4), 1.69±0.06 (20), and 1.73 (1.09-2.40)
(21) in freshwater for brook trout (Salvelinus fontinalis),
but the values of FCR for rainbow trout fed with wet feed
(beef liver) were 6.22 (22), 7.75±1.006-7.12±1.56
(23), and better than 8 (24), 2.9 (dry feed+wet feed)
(6). The highest FCRs for rainbow trout fed with wet
feed (beef liver) for some periods were 4.14-5.43 (22),
and 3.68±3.53-3.47±3.17 (23). The FCRs, however,
are comparable to 0.9-1.1 (dry feed) in Norwegian
farmed salmonids, depending on the energy content in
the diet, the size of the fish the energy content in the fish
produced and the ability to prevent feed losses during

feeding (25). Rainbow trout showed good growth
performance at high temperatures. Abant trout,
However, could not display the desired level of growth
performance at high water temperatures, i.e., increasing
water temperature above 15ºC had adverse effects on
the growth performance of Abant trout. Moreover, Abant
trout usually accept commercial diet at the bottom, and
rarely above water.
Therefore, it can be concluded that the desired level of
growth performance and food consumption of Abant
trout was not obtained in pond culture. Rainbow trout,
however, showed better growth performance and food
consumption than did Abant trout.
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